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The biomaterial industry in its broadest sense includes all products derived from plants and 23 animals including natural fibres, oils and waxes, bio plastics and biofuels. According to 24 industry surveys, biomaterials will play a prominent role in future global economies 25 (Vandermeulen et al., 2012) . Based on the assumption that they have fewer negative impacts 26 and can be replenished from a wider range of sources, they were historically hailed as ideal 27 replacements for petrochemicals (OECD, 2001 ). However, questions soon surfaced 28 regarding their sustainability, with key concerns including emissions from land use change 29 (LUC) in shifts towards biomaterial production, as well as those linked to excessive fertilizer, 30 pesticide and water use, and displacement of people and food (Tilman et al., 2009, 31 Searchinger et al., 2010). These concerns are especially important because despite on-going 32 debate surrounding its definition, 'sustainability' has momentum in industry as a business 33 principle, a marketing tool and a legislative requirement. As such, it is imperative that 34 biomaterials are seen to be sustainable (Boer, 2003 , Golden et al., 2010 . 35 In response to these concerns, sustainability assessments were developed including e.g. the 36 European Union's (EU) Renewable Energy Directive (RED) and the Roundtable on 37 Sustainable Palm Oil's (RSPO) sustainability standard which target consumable biomaterials 38 (fuel and food) and focus on the impacts of sourcing, processing and transporting feedstock. 39 Such schemes are nevertheless inadequate in terms of capturing a complete picture of the 40 impacts of non-consumable biomaterials like bio-plastics and natural fibres, which also need 41 to factor in the impacts of disposal. 42 The waste hierarchy sets out a pathway of options to reduce the impact of waste. This study 43 focuses on the 'recovery' aspect of the waste hierarchy to identify how waste recovery of 44 biomaterials could be made more widespread. The term 'biomaterials' is used in this research 45 only to refer to plant based products such as natural fibres, paper, and bioplastics and 46 everything in between. Fuels, food and garden waste are outside the scope of the research.. 47
Biomaterials 48
Combined, the biomaterials industry is vast, contributing a turnover of 2 trillion Euros to the 49 EU economy per annum (Lieten, 2010) , so it is important to define with which part of the 50 industry this research is concerned. Compostable bio-waste such as food and garden waste 51 is part of the biomaterials landscape. However this has a relatively mature waste management 52 strategy within European Union policy 1 and it is the subject of significant academic research 53 even having academic journals devoted to it 2 . As such, compostable bio-waste poses 54 different challenges to other less regulated biomaterials, and is therefore not discussed in this 55 paper 56 Despite representing a relatively small proportion of the overall market, the overwhelming 57 majority of research into biomaterials focusses on biofuels, partly because biofuels are 58 becoming more mainstream but also because of the RED (Gallagher, 2008) . The research 59 presented here concerns only the lesser studied non-consumable biomaterial products. 60 Biomaterials have not been comprehensively studied within the sustainability literature. on non-consumable biomaterials may therefore be expected, and so establishing a framework 64 for designing interventions to promote their waste recovery, and therefore improve their 65 sustainability, is both a timely and vital exercise. 66
Biomaterial Waste Recovery 67
'Recovery' is used in this paper to refer to disposal options that avoid landfill as per the waste (Pagell, 2004) . Feedstock growers are inherently involved in the sustainability of 122 biomaterials so growers were also invited to participate (Black et al., 2011 , Gallagher, 2008 
Focus Group Method 154
Following analysis of the interviews (described in detail in section 2.3) three scenarios were contacts. Experts had a strategic understanding of their organisation as characterised in Table   163 3. The focus group experts were introduced to the research via a concept note and a two-page 167 summary of the interview findings. In total, nine experts attended (a response rate of 26%) 168 which is a useful size for data collection in exploratory research (Billson, 2006, Tang and 169 Davis, 1995). The three scenarios: 1) do nothing; 2) develop legislation; 3) develop 170 certification, were discussed over a period of 2.5 hours. The use of coding to categorise comments from interviews and focus groups forms the core 179 of the analytical techniques used in this research (Neuman, 2004) . Codes were chosen 180 because they reflected the purpose of the research and were both etic and emic, meaning key 181 words and common themes were used in categorisation (Holsti, 1969, Flowerdew and Martin, 182 2005). Coded comments were organised hierarchically using axial coding according to the According to the interviews, companies' main concerns were financial sustainability, 220 followed by issues including product quality, risks and environmental footprints. After these 221 common priorities there was some divergence, for example, concerns over stable supply (presumably in composted form) to "put it back on the land and complete the cycle".
164

262
Fairness and responsibilities are important issues and how these are shared seems a common 263 barrier that prevents biomaterial recovery rising up the agenda.
264
Producer responsibility is embedded in waste legislation, yet consumers influence waste 265 recovery too and this was reflected in interview comments ranging from "consumer 266 education is key" through to the notion that any scheme will fail if it places additional cost on 267 "penny pinching customers". Those accustomed to using various sustainability labels felt 268 that having many schemes running in parallel can be confusing for consumers, and they were 269 not keen on using more labels to promote recovery. The reluctance to place responsibility or 
Possible interventions 279
Although "do nothing" may be a desirable scenario from the perspective of some companies 280 it has thus far not led to high rates of biomaterial waste recovery. "Intervention" is used here The interviews revealed that four companies were currently involved in voluntary recovery 293 schemes driven by the desire to "do the right thing" but also in some instances to take 294 advantage of a "free resource". These were: 1) a refurbishment schemes for mattresses 
3.2.Focus groups 369
The intervention scenarios taken from the interviews in Figure 3 were presented to the focus 370 group as a starting point for discussion as shown in Table 4 . 
373
Coding of the focus group discussions revealed several overarching principles which held 374 consensus with all the experts. These were: i) that increasing the recovery of biomaterial 375 waste will increase efficiency and sustainability in the industry; ii) that intervention was a 376 reasonable next step to encourage more biomaterials recovery; iii) that interventions should Allowing the market to act can be an effective means of change yet the option of do nothing 386 was discussed very little in the focus group, despite it being a starting scenario and a 387 relatively well represented stance within the interviews. This may be because of a bias in the 388 sample where only those who had an interest in intervention possibilities that encouraged 389 more biomaterial waste recovery chose to attend the focus group. In concurrence with the 390 majority of the interviewees, the experts generally regarded that something needed to be done 391 to stimulate more waste recovery and that the market alone was not able to bring about the 392 necessary shift in increasing recovery rates. However, given the differing waste collection infrastructure, and that cars represent relatively 399 valuable products compared to biomaterials, it was thought that recovery targets and the 400 possibility of financial penalties would be unsuitable for the biomaterial industry.
401
Incentives were discussed positively for their ability to reward design for disassembly and 402 purer products, especially important when consumers self-sort the products. Specific 403 proposals such as tax relief or direct payments for 100% natural fibre T-shirts for example 404 were not discussed, but the principle of incentives was preferred to that of setting targets. 405 Bans and taxes were thought to be a hostile form of legislation, though it was mentioned that 406 they have been implemented in some EU member states to penalise those not engaging in 407 biomaterial waste recovery. A case study in France was noted, where textiles companies 408 must either pay a levy on each product they make to help cover the costs of recycling 409 infrastructure, or they must directly fund a recovery scheme with a waste management 410 partner company. The results of this trial were not published at the time of writing 5 . A 411 blanket ban on certain biomaterials being sent to landfill was suggested in the focus group.
412
However, it would be very difficult to differentiate between e.g. plastic and bioplastic bags, approach; problems that were not mentioned during the focus group. These include the 444 disempowerment of consumers, who may not be aware why a product has been certified. 445 Also, situations may arise where products designed to be recovered easily may not achieve 446 certification if they fall foul of other sustainability obstacles, which could be a disincentive 447 for companies to 'play along'. In addition to not being discussed in the focus group, they 448 were not raised when the experts were asked to comment on a post analysis summary, 449 indicating they perhaps were not important. was not thought to be suitable until the industry was better prepared. 494 In summary, several areas of consensus were identified regarding the design of a proposed 495 intervention: it should be simple, product specific, have few burdens and be economically 496 profitable. Schemes that were discussed are not necessarily mutually exclusive and it may 497 well be advantageous to employ a multi-pronged approach to achieve maximum biomaterial 498 waste recovery. The policy scenario "do nothing" received very little consideration unlike 499 the other two scenarios. "Developing legislation" was seen to have many problems but it 500 found some support where approaches were less strict. The final scenario "develop 501 certification" also received positive comments and was thought to be a useful tool. In 
Recommendations 506
Despite the array of different biomaterial products and companies, and the diversity of 507 comments and opinions collected, this research established a concrete foundation on which to 508 encourage more biomaterials recovery through intervention. This is described in Figure 4 . 
518
As can be seen, depending on the biomaterial, there may be no intervention required to 519 achieve some amount of waste biomaterial recovery, though this is unlikely to maximise 520 waste recovery. Figure 4 also suggests that improving market conditions for recovered 521 biomaterials may not in itself necessarily achieve the ideal outcome, since logistical and 522 infrastructural issues can still be a barrier. 523 Strict legislation was less clear in its outcomes, there was uncertainty over the legislation 524 trailed in France and yet it was an unpopular approach with both interview respondents and 525 experts who predicted it should be a tool of last resort. It is likely that strict legislation may 526 achieve some increase in in recovery rates but that it is not the preferred route and so is 527 shown to either produce minimum or partial recovery. 528 The model in Figure 4 may be especially useful for companies or governments embarking on 529 recovery schemes, as it identifies steps that could be taken (i.e. to improve supply, demand 
Conclusions
536
This research has revealed that biomaterial recovery is not currently seen to be an important 537 issue, even though biomaterial waste is highly likely to become more important in the future. 
